Background
Blood pressure generally refers to the pressure exerted by the systemic blood circulation on the blood vessel walls and is one of the principal vital signs of patient monitoring. 1 The systolic blood pressure (SBP) corresponds to the peak of the arterial pressure when the heart contracts and diastolic blood pressure (DBP) the trough when the heart relaxes. 2 Measuring blood pressure is a
common and yet essential procedure performed by healthcare professionals in the clinical settings to assess patient's cardiovascular status. 3 It is also important for monitoring patients' response to medical treatment for blood pressure abnormalities. Inaccurate measurement can result in missed or wrong diagnosis which can lead to inappropriate management of cardiovascular problems. [4] [5] This is increasingly an important issue as obesity is becoming a worrying public health problem. 4 Using appropriate technique to measure blood pressure is therefore vital in our care delivery and the American Heart Association has issued recommendations on proper clinical blood pressure measurement. 6 Non-invasive blood pressure readings are usually chosen, instead of invasive measurement, as the primary mode of performing routine cardiovascular assessment in the acute care settings. 4, 7 The readings can be obtained by either using sphygmomanometer or automated oscillometric device. The sphygmomanometer only uses one standard 12 x 23 cm cuff bladder to fit over patient's upper limb during the procedure. The assessor has to manually inflate the cuff and then places a stethoscope over the brachial artery to listen for first appearance of Korotkoff sounds.
These sounds of blood flow are interpreted as the systolic pressure. The disappearance of the Korotkoff sounds is assumed diastolic pressure reading. The automated device, on the other hand, detects the initial changes in the amplitude of arterial pulsations and subsequently evaluates the entire cyclic expansion and contraction of the brachial artery. The highest peak corresponds to the mean arterial pressure. The systolic and diastolic readings are then derived from the algorithm programmed in the device.
There are few factors to consider in ensuring the blood pressure reading taken is valid. Sources of errors in obtaining a valid may be related to one of the following: inappropriate cuff size, incorrect cuff placement on extremity, position of patient during the procedure, timing of consecutive measurements and patient's anatomical structures. 6 Among the parameters for analyses was noted to be inadequate which failed to account for repeated measurements in some studies. As mentioned, the methodologies were inconsistent such the type of monitoring device used to obtain the blood pressure readings, method of measuring blood pressure and cuff sizes used in the comparison studies across locations and populations. The Bland-Altman analyses performed in one study had found the 95% limits of agreement range +17.1 to -19.7 mmHg for systolic pressures; +14.5 to -16.5 mmHg for diastolic pressures. 2 The wide range implied that the forearm and upper arm readings might not be interchangeable. 5 Other alternate site studies conducted on calf and ankle also reported higher pressure readings when compared to the upper arm measurements. 8 Physics principles might offer some explanation for the pressure differences between upper arm and alternate sites. 3 Bernoulli's principle describes how blood vessels further away from the central aorta have slower blood flow and higher internal vessel pressure. This is, in turn, increases total pressure or resistance according to Poiseuille's law. In addition to agreement analyses, other outcomes of interests such as patient's discomfort during blood pressure monitoring at alternate site is also an important criteria.
The aim of the review is to systematically examine and report the strength of evidence in studies conducted to compare the accuracy of blood pressure readings measured on all possible alternate sites against upper arm measurements. The review aims to include both published and unpublished studies. An initial search of the Cochrane Library of Systematic Reviews, the Joanna Briggs Library, the CRD database and MEDLINE did not identify existing systematic review or systematic review protocol on the same topic. The author had identified eight primary studies to provide some evidence on how the alternate site measurements might measure up to those taken at the upper arm. Appropriate methodology for performing a meta-analysis on diagnostic studies requires further development as the available literature is limited to guide analysis. The present review referred to two available resources [10] [11] as bases for designing an appraisal checklist and performing meta-analysis.
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Inclusion criteria

Types of participants
This review will consider studies that evaluate non-invasive blood pressure measurements on healthy volunteers and adult patients who seek treatment in healthcare settings. Individuals who are less than 18 years of age, pregnant or delivering a child will be excluded. Individuals with known or diagnosed vascular diseases or medical conditions that render blood pressure measurements medically inappropriate will also be excluded.
Types of intervention(s)
This review will consider studies that compare non-invasive blood pressure measurements using oscillometric devices at different sites including but not limited to wrist, forearm, supraorbital artery, thigh, calf and ankle. Studies that report blood pressure measurements obtained from same single site are excluded. The upper arm, as a reference standard in non-invasive blood pressure measurement sites, will be used for comparison.
Types of outcomes
This review will consider studies that include the following outcome measures:
1. Mean differences in blood pressure measurements (systolic, diastolic and mean arterial pressure).
2. Reported pain score during blood pressure taking.
Types of studies
This review will consider method comparison studies assessing the diagnostic accuracy of blood non-invasive blood pressure measured at alternate sites in reference to the upper arm measurements for inclusion.
Search strategy
The search strategy aims to find both published and unpublished studies. A three-step search strategy will be utilized in this review.
An initial limited search of MEDLINE and CINAHL will be undertaken followed by analysis of the text words contained in the title and abstract, and of the index terms used to describe the article.
A second search using all identified keywords and index terms will then be undertaken across all included databases.
Thirdly, the reference list of all identified reports and articles will be searched for additional studies. Studies published in English and Chinese language between 1970 and 2013 will be considered for inclusion in this review for adequate coverage. The period is selected to coincide with the availability of early studies conducted on oscillometric monitoring devices. Studies published in other languages with English abstracts will also be included in the review on the condition there is sufficient data for extraction.
The databases to be searched include: 10 The criteria developed by Cheng and team will be further modified where relevant to the current review. 10 The revised criteria are shown in Appendix I. The authors will submit the revised critical appraisal instrument to JBI for approval prior to use. Any disagreement that arises between the reviewers will be resolved through discussion, or with a third reviewer.
Data collection
The original JBI-MAStARI extraction form is not employed for the current review as the authors found the original form is insufficient for methods comparison studies e.g. extract data on limits of agreement. Thus, the authors referred to Cheng and team's published JBI systematic review to design a data extraction form appropriate for the current review and scope. 10 The revised extraction form is shown in Appendix II. The authors will submit the revised extraction form to JBI for approval prior to use. The data to extract will include study-specific details such as target population, sample size, the comparison sites, type of oscillometric measuring device, measurement method, mean blood pressure measured (systolic, diastolic and mean arterial readings) and standard deviations, mean differences in blood pressure measurements and standard deviations. Where available, the pain score measured during blood pressure taking at the comparing site will be also be extracted onto the extraction form.
Data synthesis
Prior to meta-analysis, the included studies would be assessed for heterogeneity using narrative and statistical methods. The narrative method is to compare the study characteristics. A standard test developed by Bartlett will be applied to examine the equality of variances and thus assess heterogeneity. 11 If the studies are reasonably comparable as indicated by the strength of evidence (p>0.03), the estimates will be combined via the Mantel-Haenszel weighted approach as described by Williamson et al. 12 Where statistical pooling is not possible the findings will be presented in narrative form including tables and figures to aid in data presentation where appropriate. Further subgroup analyses by the type of target population (e.g. healthy volunteers, patients) on the same alternate site (e.g. forearm) would be performed to explain possible Page 91 sources of heterogeneity. The individual and pooled 95% limits of agreements between paired blood pressure measurements would be reported for subgroup and total analyses. All analyses would be performed using Microsoft Excel 2010 using the approach described by Williamson et al.
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